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ABSTRACT 



An onboard DAMA protocol for use in connection with a 
processing satellite communications network, where mul- 
tiple users are assigned to a common transmission resource 
as part of a sharing set. A media access controller (30) on the 
satellite maintains a reservation log which identifies the 
frequencies and number of uplink time slots in the resource 
that are currently reserved by one or more members of the 
sharing set. To reserve a time-frequency slot on the trans- 
mission resource for a non-contentious transmission of data, 
a user of the sharing set will transmit a reservation request 
to the satellite on a contentious uplink resource. If a return 
message is not received, the user knows that the reservation 
request collided with another reservation request, and a 
retransmission strategy of the reservation request is 
employed. When the media access controller (30) receives 
the reservation request, it decides whether to grant, deny or 
delay the request based on the service and price class of the 
user, the amount of data already sent by the user, the number 
and type of other users with reservation requests in the 
queue, and the congestion state of the destination downlink 
port and subsequent nodes in the network. When the user 
receives a reservation grant message from the media access 
controller (30) on the satellite in the downlink, it will then 
wait for its reservation time frequency slot, and transmit its 
data in a non-contentious basis on the transmission resource 
at that time. If the user needs additional bandwidth to 
transmit more data, it may piggyback a reservation request 
on the data transfer. 

26 Claims, 5 Drawing Sheets 
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ONBOARD CONTROL OF DEMAND 
ASSIGNED MULTIPLE ACCESS PROTOCOL 
FOR SATELLITE ATM NETWORKS 

BACKGROUND OF THE INVENTION 

1. Field of the Invention 

This invention relates generally to a demand assigned 
multiple access protocol for use in a satellite communica- 
tions system and, more particularly, to an onboard demand 
assigned multiple access protocol for use in connection with 
a processing satellite communications network that allows 
multiple users to efficiently use a common uplink transmis- 
sion resource. 

2. Discussion of the Related Art 

Various communications systems, such as Ka-Band Sat- 
ellite Processing Communications networks, employ pro- 
cessing satellites orbiting the Earth in a geosynchronous 
orbit. As is known in the art, processing satellites provide the 
transfer of data between user terminals at ground stations on 
the Earth. Data is transmitted to the satellite from the user 
terminals on a satellite uplink. The uplink signals are trans- 
mitted on various available channel slots that are separated 
in frequency and time. The data that is transmitted on the 
channel slots is usually packaged into separate ATM 
(asynchronous transfer mode) data cells. The ATM cells are 
demodulated, decoded and switched at the processing 
satellite, and then transmitted back to the Earth on a satellite 
downlink to the destination. A suitable antenna system is 
provided on the satellite to receive the uplink signals and 
transmit the downlink signals over a predetermined cover- 
age area on the Earth. 

A requirement for processing communications satellite 
networks is the need to regulate access to the satellite for a 
multitude of bursty users, for example, a set of intra- 
corporate, inter-site local area network (LAN) interconnec- 
tions or Web browsing users (which display bursty traffic 
characteristics), who mutually share the uplink. In other 
words, a predetermined protocol is required to allow the 
many users of the network to gain access to the satellite on 
the uplink without interfering with each other. Typically, a 
bursty user, such as a user surfing the Web, requires a high 
peak transmission rate to minimize response time, but at a 
low average rate, i.e., duty cycle, due to a long idle period 
between transmissions. An example of this type of bursty 
transaction is Web Surfing, where the user "mouse-click's" 
on a Web link, waits impatiently for the network to transfer 
the page to the local computer (high rate requirement for low 
delay), and then the user reads and thinks about the Web 
Page on the computer screen before going to the next Web 
link (the think-time results in a low average rate). If a 
dedicated uplink transmission resource (TR) were allocated 
to each user at the peak rate, then the average usage of the 
TR, i.e., the actual bits which are billable, or the actual 
usage, i.e., the average rate of the resource, is low because 
of the low duty cycle. A TR is a series of channel slots 
available for transmitting data on a transmission uplink path 
at a certain bandwidth. To solve the above-described 
problem, demand assigned multiple access (DAMA) proto- 
cols have been designed to improve the usage efficiency of 
the available uplink TRs by allowing several users to share 
the same uplink TR. In other words, to provide a more 
efficient usage of the available TRs, multiple users share the 
same uplink bandwidth. In general, DAMA protocols, 
involve trading data throughput efficiency against delay, 
while maintaining a required quality-of-service (QoS) per- 
formance. One of the first DAMA protocols is generally 
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known as "Slotted Aloha," where the multiple users of the 
common TR compete for resource usage. In the Slotted 
Aloha technique over a fully processed satellite, any of the 
several users of the same TR would transmit data on the 

5 uplink whenever they desired. If another user of the same 
resource also transmitted data at the same time, the two 
uplink signals would collide in the satellite, resulting in 
garbled data is unusable onboard. The transmitting user 
detects a collision by the absence of the acknowledgment on 

10 the downlink within a predetermined time i.e., detected by 
timeout. In order to prevent subsequent immediate collisions 
by the same two users, the delay of the retransmission for 
each user was randomized. Although the Slotted Aloha 
method does increase the usage efficiency of the TRs by 

15 statistically multiplexing the uplink TR, there is a significant 
potential for collisions when multiple users simultaneously 
access the uplink, necessitating retransmission and resulting 
in concomitant delay by all of the users. 
To limit the number of collisions, improved DAMA 

20 techniques were devised, generally referred to a reservation 
DAMAs, In a reservation DAMA protocol, the uplink traffic 
is separated into a main flow where coordinated non- 
contentious access is provided for user data through a 
reservation procedure, and a control flow which uses the 

25 contentious Slotted Aloha technique, but only for reserva- 
tion requests. The reservation procedure works by specifi- 
cally reserving a particular slot in the uplink TR prior to 
actually transmitting the desired data. By reserving particu- 
lar channel slots for transmitting data on the main flow TR, 

30 the chance of a collision between users is removed. Colli- 
sions are therefore limited to the lower rate control flow 
resulting in a much higher usable throughput for the main 
flow of data: For processing satellite networks, there can be 
three general variations of the reservation DAMA technique, 

35 depending on where the reservations are controlled. 
Particularly, the reservations can be controlled at a central 
terrestrial location, often referred to as a network operations 
center (NOC), onboard the processing satellite itself, or 
distributed among the set of users using the TR. The first 

40 approach is usable for bent-pipe and processing satellites, 
and is currently in use in very small aperture terminal 
(VSAT) networks. However, this approach has the disad- 
vantages that a heavy processing load to control the DAMA 
protocol may occur at the NOC, and two trips to the satellite 

45 are required for each reservation request, thus resulting in 
extra delay and increased overhead usage of the TR that is 
wasted bandwidth because it is not "billable." The third 
approach is the subject of U.S. patent application Ser. No. 
09/162,514, filed Sep. 29, 1998, titled "Distributed Control 

50 DAMA Protocol For Use With A Processing Communica- 
tions Satellite," assigned to the assignee of the instant 
application. 

What is needed is an uplink TR allocation technique that 
allows multiple bursty users to efficiently use a common 
55 uplink transmission resource in an efficient manner that 
avoids collisions between sharing users and conserves sys- 
tem resources. It is therefore an object of the present 
invention to provide such a technique. 

60 SUMMARY OF THE INVENTION 

In accordance with the teachings of the present invention, 
an onboard DAMA protocol is disclosed for use in connec- 
tion with a processing satellite communications network, 
where multiple users are assigned to a common transmission 
65 resource as part of a sharing set. A media access controller 
on the satellite maintains a reservation log which identifies 
the uplink time slots in the resource that are currently 
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reserved by the members of the sharing set and allows the 
members of the sharing set to reserve the available time 
slots. To reserve a time slot on the transmission resource for 
a non-contentious transmission of data, a user of the sharing 
set will transmit a reservation request to the satellite on a 
contentious uplink resource. The reservation request 
includes the amount of data to be sent. If a return message 
is not received, the user knows that the reservation request 
collided with another reservation request, and a retransmis- 
sion strategy of the reservation request is employed. 

When the onboard media access controller receives the 
reservation request, it decides whether to grant, deny or 
delay the request based on predetermined criteria, including 
the service and price class of the user, the amount of data 
already recently sent by the user, the number of other users 
with reservation requests in the queue, and the congestion 
state of the destination downlink port. The media access 
controller issues a reservation grant message to the request- 
ing user that includes the time, frequencies and length to 
send the data. When the user receives the reservation grant 
message, it will then wait for its reserved time slot, and will 
then transmit its data in a non-contentious basis on the main 
flow TR at that time. If the user needs additional resources 
; data than was originally requested, it may 
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^"piggyback" a n^xt reservation request on the data transfer. 

sjbe medja-arccess controller uses a hierarchical uplink fair 
scheduling technique to determine when available band- 
width will be assigned to a particular user based on a packet 
fair queuing (PFQ) algorithm. In a first stage, a particular 
wholesaler is selected based on the PFQ algorithm, and then 
retailers associated with the selected wholesaler are selected 
in a particular order in a second stage based on the PFQ 
algorithm to determine the priority of data transfer. 

The media access controller receives data from other 
processors in the satellite to monitor network traffic and 
congestion at the various destination ports to determine 
whether the reservation request will be granted, delayed or 
denied. A real-time bandwidth estimator module is provided 
to determine the effective or equivalent available bandwidth 
capacity for each downlink from the satellite. Additionally, 4 o 
a flow-control module is provided that senses congestion at 
the various destination ports serviced by the network 
(internal and external to the satellite). A call processor 
module monitors the entire transmission of data throughout 
the network, and provides congestion information to the 45 
flow-control module. The call processor knows the topology 
of the network (e.g. through the private network-to-network 
interface (PNNI) protocol), enabling it to re-route calls 
through alternate paths to a destination. An available bit -rate 
module calculates the proportion of excess available band- 50 
width based on current use, and provides this information to 
the media access controller. 

Additional objects, advantages, and features of the present 
invention will become apparent from the following descrip- 
tion and appended claims, taken in conjunction with the 
accompanying drawings. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a block diagram of a layer architecture structure 
of a user Earth terminal (UET); 

FIG. 2 is a protocol flow diagram showing operation of 
the centralized broad band DAMA (C-BFD) protocol, 
according to the invention; 

FIG. 3 is an onboard processing functional block diagram 
depicting the operation of the invention; 

FIG. 4 is a block diagram depicting a hierarchical uplink 
fair scheduling technique according to the invention; 



55 



60 



65 



FIG. 5 is a block diagram showing a wholesaler selection 
stage of the hierarchical uplink fair scheduling technique; 
and 

FIG. 6 is a block diagram showing a retailer selection 
stage of the hierarchical uplink fair scheduling technique. 

DETAILED DESCRIPTION OF THE 
PREFERRED EMBODIMENTS 

The following discussion of the preferred embodiments 
directed to an onboard demand assigned multiple access 
protocol for a processing communications satellite network 
is merely exemplary in nature, and is in no way intended to 
limit the invention or its applications or uses. 

The present invention is a reservation DAMA protocol of 
the type referred to above that allows multiple bursty users 
of a sharing set to concurrently use a single uplink TR in a 
communications system. A sharing set is the set of users that 
are currently assigned to the same TR. The DAMA protocol 
will control reservations for multiple sharing sets each 
including multiple users. The reservation DAMA of the 
invention uses the general variation that it is controlled 
onboard the satellite to regulate the DAMA and the reser- 
vations. Because the control is onboard the satellite, the 
DAMA protocol is referred to herein as a centralized broad- 
band fair DAMA (C-BFD) protocol. The essence of the 
method is that the DAMA control on the satellite maintains 
a reservation log which identifies, for each sharing set, the 
number of uplink time slots that are currently reserved by 
one or more members of the sharing set and the next 
available uplink time slot (NAUTS) for reservations. Iden- 
tifying the NAUTS is important so that the DAMA proces- 
sor knows when the next channel slot will be available to 
transmit a reserved data transmission based on existing 
reservations. The satellite DAMA processor maintains a 
time offset, so that the NAUTS are expressed as the times 
that will apply at the user Earth terminal (UET) after a 
reservation grant message (RGM) arrives in the downlink 
signal. 

All of the users in a sharing set are free to bid for reserved 
time slots using reservation query messages (RQMs), which 
are sent to the satellite addressed to the satellited DAMA 
processor in the shared contentious control flow on the 
uplink TR. Since the RQMs use contentious access, the 
standard techniques of Slotted Aloha apply, including col- 
lision detection and a retransmission strategy. Processing 
satellites typically use robust error control on their uplink 
which discards colliding RQMs. Although the satellite 
DAMA controller may not be explicitly aware of the occur- 
rence of a collision, the event is implicitly detectable by the 
user sending an additional RQM due to the absence of an 
RGM on the downlink. The collision is detected by the 
ground terminals when the grant information is not received 
within an expected time window. 

After the DAMA controller on the satellite receives an 
RQM, it buffers the requests into priority-class queues. It 
then decides whether to grant, deny or delay the request 
based on predetermined criteria, including the service and 
price class of the user, the amount of data already sent by the 
user, the number of other users with RQMs in the queue, and 
the congestion state of the destination downlink port. The 
algorithm used to process the RQMs into RGMs can be any 
algorithm suitable for the purpose described herein, and can 
be a hybrid between the priority-oriented demand assign- 
ment (PODA) algorithm and a fair-queuing algorithm, for 
example, a frame-based fair-queuing algorithm. When the 
RGM is sent, the satellite DAMA processor updates the 
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NAUTS for the sharing set by the amount of slots in the 
reservation. The size of the reservation granted may be 
capped by the controller to insure access fairness among the 
users in the sharing set. Additionally, the satellite DAMA 
processor may provide congestion control by delaying or 5 
denying requests that are destined to congested ports. The 
type of addressing for the RQMs and RGMs, the type of TRs 
used for the RQMs and RGMs, and other network specifics 
for the DAMA protocol of the invention would depend on 
the particular DAMA protocol algorithm used, as would be 10 
appreciated by those skilled at the art, and may vary from 
network to network. 

The DAMA protocol of the present invention avoids the 
disadvantages referred to above for the NOC based DAMA, 
and has a simpler and more robust synchronization capabil- 15 
ity of the reservations than is the case when the DAMA 
control is distributed among the members of the sharing set. 
While it has the same speed and efficiency advantages of the 
distributed case, the subject innovation requires the provi- 
sion of facilities in space to provide the DAMA control. 2 o 

For satellite communications networks, a media access 
control (MAC) layer is required between the ATM layer and 
the physical layer in the hierarchical structure of the pro- 
cessor to satisfy the dynamic nature of the ATM protocol and 
the multi-media traffic it carries to provide additional pro- 25 
cessing between the ATM layer and the physical layer, 
because ATM was not originally designed to operate over a 
broadcast medium. The MAC layer allows the ATM layer to 
operate seamlessly over the satellite network. The MAC 
layer essentially includes different types of MAC channels 30 
that are used to satisfy different network functional and 
performance requirements for a particular channel. Each 
separate MAC channel utilizes different user protocols 
depending on the purpose of the current information trans- 
fer. MAC channels are logical constructs for partitioning the 35 
physical layer bandwidth into full-duplex pipes. The MAC 
layer maintains logical state information based on the state 
of the physical layer and the state and requirements of the 
ATM connection, for example, waiting for a connection 
request acknowledgement for a real-time VBR source to 40 
determine the type of MAC channel to be used for the 
information transfer. The MAC layer sends configuration 
commands to the physical layer, including information 
related to the time, frequency band, and duration of the 
information transfer. A discussion of wireless ATM network 45 
protocol stacks can be found in Raychaudhuri, Dipankar, 
"Wireless ATM Networks: Architecture System Design and 
Prototyping/' IEEE Personal Communications, August 
1996, pgs. 42-49. 

FIG. 1 is a block diagram of a UET 10 that includes an 50 
ATM layer 12, an MAC layer 14 and a physical layer 16. A 
plurality of different known ATM service classes 18 are 
represented in the ATM layer 12, and are mapped into a 
particular MAC channel 20 in the MAC layer 14. The MAC 
layer 14 identifies the available MAC channel 20 that would 55 
be used depending on the particular user and the type of data 
being transmitted. Each MAC channel has a specified pro- 
tocol associated with it (e.g. FB-SDC, CBFD), allowing 
different protocols to be associated with each MAC channel. 
For example, for the ATM service class real-time voice or 60 
video, the ATM cells providing the voice or video code are 
mapped into a dedicated MAC channel because of the robust 
requirements of voice and video transmission. The protocol 
associated with this MAC channel is called fixed channel- 
slot assignment (FC-SA). U.S. patent application Ser. No. 65 
09/232,157, titled Media Access Control Layer for Satellite 
ATM Networks, filed Nov. 8, 2001, and assigned to the 



assignee of this application, discloses MAC channel map- 
ping of this type. 

A network access channel (NAC) is used by the UET 10 
when trying to gain access to the network through the NOC 
for the first time. The NOC responds to the UET in the 
reverse direction commanding the terminal to use either a 
dedicated channel (DC), at time-dedicated channel (TDC), a 
fair broadband shared data channel (FB-SDC), a first-come 
first-served shared data channel (FCFS-SDC), a narrowband 
shared data channel (N-SDQ or a shared channel (SC). The 
DC is used for applications requiring a constant service rate, 
such as voice conversation, for the duration of the connec- 
tion. The TDC is used when a fixed-rate circuit is desired for 
apriori infinite period of time. The FB-SDC is used for 
high-rate, large application messages for customers con- 
cerned with getting a fair allocation of bandwidth and 
guaranteed QoS. The FCFS-SDC is used for high-rate, large 
application messages for customers who do not care about 
QoS and who want to minimize service costs. The N-SDC 
is used for small data messages, and narrowband bursty 
sources, such as small web requests. In general, shared 
channels are used when the traffic contract specifies a bursty 
non-real time application, such as web-surfing or LAN 
Interconnect. The physical layer 16 shows the multiplexing 
scheme for the satellite uplink and downlink, particularly a 
frequency division multiplex time -division multiple access 
(FDM-TDMA) 22 for the uplink and a broadcast statistical 
TDM 24 for the downlink. Each separate MAC channel 20 
is assigned a predetermined uplink protocol that effectively 
operates for that MAC channel. These protocols include 
Slotted Aloha, fixed channel-slot assignment, finite-duration 
fixed channel -slot assignment, centralized broadband fair 
DAMA (C-BFD), and distributed DAMA. This invention 
concerns the fair broadband shared data channel using the 
C-BFD protocol. 

FIG. 2 shows a timeline for both satellite time and UET 
time to depict the operation of the C-BFD protocol of the 
invention discussed above. Data in the form of ATM cells 
are sent to a media access controller (MAC) in the UET to 
be transmitted on the satellite uplink at some time, as 
indicated by time 1 on the UET timeline. At this time, it is 
assumed that the UET has been admitted to a sharing set in 
the network, the NOC has assigned it a shared reservation 
channel (SRC), and an ATM connection has been estab- 
lished between the source and destination terminals. The 
SRC is the contentious shared transition resource that all of 
the users of the sharing set transmit reservation requests. 
Sometime later, the UET sends an RQM on the SRC, using, 
for example, a Slotted Aloha protocol. The RQM will 
include information of the number of ATM cells to be 
transmitted, or the number of channel slots needed for the 
reservation. While the UET is waiting for the return RGM, 
it may be receiving other RGMs transmitted by the satellite 
on the downlink to other UETs in the sharing set, as 
indicated by time 3. 

At time 4, the satellite receives the RQM from the UET 
and then processes the reservation request. The DAMA 
controller queues the requests, sorts them based on their 
service time, and replies to the UET based on currently 
available network status information. The reply may be the 
RGM giving the time, frequency and duration of the 
reserved transmission time, or instructions to wait a specific 
amount of time due to the onset of congestion at the 
destination port, or a refusal due to congestion. There is a 
processing delay in the satellite because of satellite process- 
ing between the time the satellite receives the RQM and 
transmits the RGM. At time 5, the RGM is received by the 
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UET, as well as all of the other UETs in the sharing set. If 
the UET does not receive the RGM within a predetermined 
time period, it will know that its RQM collided with another 
ROM from another UET in the sharing set, and after a 
randomized delay, will retransmit the same RQM. 5 

The UET will wait the predetermined time to transmit the 
data based on the information received in the RQM. In the 
meantime, other UETs in the sharing set will be transmitting 
their data on their reserved TRs, as indicated at time 6. When 
the NAUTs for the UET arrives, the UET will transmit its 30 
ATM cells to the satellite over the contention free fair 
broadband shared data channel (FB-SDC), as indicated by 
time 7. The first cell (burst header) in the data burst 
transmission is a status message from the UET to the 
satellite controller describing the assumed characteristics of 35 
the current data transfer (i.e., state of the UET), including 
start-time, frequency, duration, rate or amount of data trans- 
fer. It should be noted that if the local UET requires more 
bandwidth resources than was originally requested, it may 
piggyback a request message to the controller as part of the 2Q 
data stream that has already been allocated. In other words, 
instead of sending a new RQM for additional data transfer, 
the UET may transmit the RQM as part of the reserved data 
transfer to reserve a future available non-contentious reser- 
vation time slot. Sometime later, the satellite controller will 25 
receive the ATM cells from the UET, and will monitor actual 
data transfer, insuring proper functioning, as indicated by 
time 8. This stage of the protocol is for fault detection, 
isolation and recovery, enabling the MAC controller to shut 
down a malfunctioning UET. The satellite will switch the 30 
data cells to the particular destination downlink for trans- 
mission of the data back to the Earth to be received by the 
destination UETs, as indicated by time 9. 

FIG. 3 is a block diagram of a satellite processing system 
26 showing processing functions on the satellite. The uplink 35 
ATM cells from the users of the network are received at an 
ATM cell switch 28 that provides ATM cell processing on 
the satellite. Particularly, the cell switch 28 determines 
which cells are RQMs, and which cells are data transmis- 
sions and other functions. The data cells are directly 40 
switched by the switch 28 to the proper satellite downlink. 
For example, the switch 28 would route the data cells to the 
antenna that covered the desired Earth coverage area for the 
particular address in the cell. The satellite would include an 
ATM switch with several input and output ports that route 45 
the various data cells to the appropriate satellite downlink 
based on the destination address. 

The uplink cells that are RQMs are routed by the switch 
28 to a media access controller (MAC) 30. As will be 
discussed below, the basic function of the MAC 30 is to 50 
determine if the RQM will be granted, delayed or denied, 
and, based on various requirements of data transmission, 
what type of reservation will be granted. The MAC 30 
includes an ATM adaption layer (ML) 32 that is between the 
ATM layer and an interface for interfacing the ATM layer. 55 
Different MAC channels are available in the MAC 30 to 
assign the data transfer to. 

The MAC 30 receives input information from various 
systems on the satellite to process the RQM. The system 26 
includes a real-time bandwidth estimator module 34 that 60 
determines the available capacity for each and every priority 
class or connection and the aggregate bandwidth to be 
transmitted on the satellite downlink. To maintain the net- 
work QoS, it is important to monitor whether a potential user 
of the network will effect the QoS for the already existing 65 
users by various types of delays. Therefore, the module 34 
estimates the on-board capacity per beam being transmitted 
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to each destination. The effective capacity or bandwidth per 
beam is provided as an input to the estimator module 34 
from a processor 36 which takes measurements of the 
average and standard deviation of the arrival rates of each 
priority-class and the beam as a whole. The estimator 
module 34 receives the information of the current uses per 
beam in the satellite, and determines whether a new user will 
effect the performance for the existing uses, as well as 
himself. This process is part of the call admission control 
(CAC) procedure used in ATM networks. 

The system 26 further includes a flow-control module 
(FCM) 38 that senses congestion in the destination ports to 
monitor the traffic accordingly. The FCM 38 has knowledge 
of the congestion state of the switch 28, and all of the 
elements connected to it. This enables the FCM 38 to 
suggest a slowing down to a particular port or a particular 
connection. If the FCM 38 determines that a particular 
destination port is congested, it will instruct the MAC 30 
accordingly, and the MAC 30 may decide to deny the 
reservation request, delay the reservation request, or some 
other suitable processing decision based on the information. 
The FCM 38 would also receive congestion information 
from other switches (not shown) on the network connected 
to it, and would relay that information to the MAC 30. In 
general, requests that are destined to congested ports are 
rejected. Requests that are destined to ports which are in the 
"onset" of a congestion state are granted transmission after 
a suitable wait time suggested by the FCM 38 to minimize 
the impact of the new data stream on the problem port. 
Uplink congestion control may also be exercised by the 
FCM 38 by re-assigning users to different MAC channels 
depending on the current availability of a new bandwidth. 
The FCM 38 gives the MAC 30 a suggested course of action 
for each destination port in the network. 

A call processor module 40 with private network-to- 
network interfacing (PNNI) is provided, and monitors the 
entire network for transmission of data. Congestion infor- 
mation flows between the various terminals of the network 
so that this information can be shared throughout the net- 
work. Therefore, congestion information from other network 
sources or destinations would be provided to the FCM 38, 
and likewise, congestion information from the switch 28 that 
is sent to the FCM 38 will be applied to the processor 
module 40. Thus, the system 26 can re-route calls based on 
system congestion throughout the network. For example, if 
there are two gateway terminals at a particular destination, 
the processor module 40 will know if one or the other of the 
terminals is congested, and will instruct the system 26 to 
re-route the call to the uncongested gateway terminal. A 
network customer database 42 includes a current list of the 
network customers, and this information is provided to the 
processor module 40. 

One of the outputs from the estimator module 34 is the 
available excess bandwidth for each downlink beam. This 
output is applied to an available bit rate (ABR) processor 
module 44. The available bit rate is a standard ATM service 
that identifies the bandwidth that is available for each user 
on the uplink. The processor module 44 calculates the 
proportion of the excess bandwidth to be given to the pool 
of users, and passes this information on the MAC 30. The 
available bit-rate information is sent to the MAC 30 as an 
input to determine whether a reservation request will be 
granted. The MAC 30 reapportions the available uplink 
bandwidth to the multiple users of a sharing set that are 
requesting use of a particular TR. 

The onboard uplink scheduling uses by the C-BFD pro- 
tocol of the invention, which includes a hierarchical uplink 
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fair scheduling (HUFS) in the MAC 30. The HUFS enables 
the dynamic partitioning of the uplink bandwidth into 
wholesale and retail components, while ensuring that unused 
bandwidth is reapportioned to backlogged wholesalers and 
retailers. In other words, the HUFS sets the priority for a 5 
reservation grant based on the type and service class of user, 
i.e. wholesaler, retailer, independent etc., and reapportions 
the available bandwidth to the lower priority users when the 
higher priority users are not actually using the bandwidth. 
Known fair queuing algorithms can be found in Bennett, Jon 30 
C. R., et al. "Hierarchical Packet Fair Queuing Algorithms," 
Proc. of the ACM-Sigcomm 96, Palo Alto, Calif, August 
1996, pp. 143-156 and Varma, Anujan, et al., "Hardware 
Implementation of Fair Queuing Algorithms for Asynchro- 
nous Transfer Mode Networks," IEEE Communications 
Magazine, December 1997, pgs. 54-68. Also, see U.S. 
patent application Ser. No. 09/270,356, titled Hierarchical 
Downlink Scheduler for a Processed Satellite Payload, filed 
Nov. 8, 2001, and assigned to the assignee of this applica- 
tion. A similar scheme can be used for the downlink, as well 2Q 
as other switches in the path from source to destination. The 
HUFS must be executed for every uplink in fixed size quanta 
for each of the FB-SDC frequency channels. This capability 
has also been called "resource fencing." 

The basic HUFS algorithm is divided into two stages, 25 
although any number of stages may be used to expand the 
service. The first stage provides wholesale user selection and 
the second stage provides retail user selection. Both stages 
employ a form of packet fair queuing (PFQ), such as the 
starting potential fair queuing (SPFQ) algorithm. The first 30 
and second stages are independent and unique for each 
uplink band. The first stage queues are actually virtual 
queues storing the state of each wholesaler group and may 
be either backlogged or idle. The second stage queue is a 
virtual queue storing fixed sized virtual packets representing 35 
a number of some quanta of uplink bandwidth desired by the 
retail user connection. 

FIG. 4 is a block diagram 50 depicting the HUFS of the 
invention, A plurality of uplink bands 52 are shown, where 
each band 52 includes a stream of ATM reservation request 40 
cells 54. Each ATM cell 54 in a band 52 is received and 
processed in order by an MAC agent (one per uplink band) 
and is subsequently distributed to a queue identifying a 
wholesaler 58. The queue holds the RQMs for retailers 60 
for that particular wholesaler 58. As shown, some of the 45 
wholesalers 58 are backlogged with retailers 60 waiting for 
service by the PFQ scheduler. The PFQ scheduler calculates 
cost functions based on subscription rate and bandwidth 
utilized in the past. The resulting metric is used for deter- 
mining a winner by sorting. The winner of the competition 50 
will herein be called the "highest priority." The highest 
priority wholesaler that includes the retailers 60 waiting for 
service is selected in a first stage, and the highest priority 
retailer 60 of the selected wholesaler 58 is determined in a 
second stage. An RGM message is generated by the MAC 55 
controller after a winner has been selected at service time, 

FIG. 5 is a block diagram depicting the wholesaler 
selection stage, where the highest priority wholesaler 58 
having a RQM is selected based on a measure of past 
service, the wholesaler's subscription rate, and its relation to go 
other wholesalers by a PFQ scheduler 62. The PFQ can be 
any suitable packet fair queuing algorithm known in the art. 
An output of the scheduler 62 is the highest priority whole- 
saler 58 having a backlog of retailers 60 waiting for an RGM 
to be generated at the PFQ service time. 65 

Once the highest priority wholesaler 58 is determined, the 
highest priority retailer 60 for that wholesaler 58 is deter- 



mined for the retailers currently having a reservation 
request. FIG. 6 is block diagram showing the retail user's 
selection for the retail selection stage, where the retail users 
60 considered are customers of the winning wholesaler. The 
highest priority customer is selected by the same PFQ 
scheduler 64 based on its subscription rate, past service 
received and its relation to the customers PFQ cost metric 
(virtual times). In a preferred embodiment, the schedulers 62 
and 64 are the same scheduler. 

In both stages, a virtual time is estimated and is used for 
each member of the contention pool in ascending order. The 
member of the pool at the top of the sorted list wins the 
priority contest, and is selected to move on to the next 
module. An example of a packet fair queuing concept using 
an idealized fluid model scheduler generally referred to as a 
Generalized Processor Sharing (GPS), for both the first and 
second stages described above is given below. Each member 
of a contention pool reserves a fraction of the available 
shared bandwidth. The virtual time (VT) is a global variable 
that is used to keep track of the amount of work performed 
by the scheduler 62 for each member of a pool that is 
contending for bandwidth resources. The VT is used to 
generate a time-stamp which is used as a key for sorting, and 
is a piece-wise monotonically increasing linear function. 
The variable M is the slope of VT which depends on the 
number of backlogged members of the pool B(x,t). For 
example, the second stage backlog implies that the connec- 
tion has at least one cell waiting N, in the time interval (x, 
t). The variable M is determined as follows: 



r u <= — — Cti„k , where C d f = 2j c <if* 



Three connections 1, 2 and 3 share the bandwidth C tink ° 
100,000 cells/sec. The connection 1 has 50% of the 
bandwidth, and the connections 2 and 3 each have 25% of 
the bandwidth. The scheduler 62 is idle at t=0, and packets 
of the ATM cells 54 arrive at times t. At t=0, an ATM cell 54 
is buffered from the connection 1, and begins service imme- 
diately at the full link rate, p^l.0, r^p/C^-lOOK cells/ 
sec, and the slope= 1/0.5=2. At t=2 //s, a cell 54 is buffered 
from the connection 2, and the GPS adjusts the service rates 
to p ie =0.5/(0.5+0.25)«0.667, p 2 =0.25/(0.5+0.25)«0.333, and 
the slope=l/(0.5+0.25)«1.33. Thus, the connections 1 and 2 
receive 1.33 more bandwidth. At t=4 ^s, a cell 54 is then 
buffered from the connection 3 and the GPS adjusts the 
service rates to their allocated rates of slope=l/(0.5+0.25+ 
0.25>1.0, Pj=0.5/(0.5+0.25+0.25)«0.5, p 2 -0. 25/(0.5+ 
0.25+0.25)«0.25,p 3 -0.25/(0.5+0.25+0.25)=0.25. A similar 
example can be found in Varma, Stiliadis, "Hardware Imple- 
mentation of Fair Queuing Algorithms for Asynchronous 
Transfer Mode Networks." 

Therefore, in short, each member of the contending pool 
is allocated a bandwidth in proportion to its subscription 
service rate. If all the members are backlogged, then each 
member is given its subscription service rate. If some of the 
members are idle, the excess bandwidth is partitioned 
among the backlogged members in proportion to their 
relative subscription rates. 

The C-BFD protocol described above provides a number 
of advantages for the fair distributed use of system 
resources. These advantages include: 
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1. Supports efficient usage of the uplinks by a set of bursty 
users. 

2. Well adapted to use with ATM (Asynchronous Transfer 
Mode) protocols. 

3. Facilitates satellite network to guarantee end-to-end 5 
ATM QoS over shared channels. 

4. Resource Fencing (a) gives the ability to sell bandwidth 
wholesale for bursty variable bit-rate (VBR) sources, 
while b) guaranteeing that users will get what they paid 3Q 
for when the network is busy, but c) allows unused 
bandwidth to be redistributed amongst wholesalers 
based on their subscription rate. 

5. Wholesaler and retailer separation into two stages 
allows flexibility of implementation. The capability to 1S 
use different fair queuing algorithms on each stage 
allows a design which can achieve a variety of com- 
plexity and fairness criteria. 

6. Fair uplink bandwidth allocation amongst users 
(allocation is proportional to subscription rate) ensured 20 
by a single controller. 

7. Capability for common scheduler algorithm with 
downlink fair scheduler (simitar ASIC) design. 

8. The fair scheduling algorithm used on the uplink 
provides the following: 25 
Isolation of flows — misbehaving users are separated 

from compliant users; 
Tight and guaranteed delay bounds for QoS; 
Fairness — service is given to users in proportion to 

subscription rate; and 30 
SPFQ is a scaleable algorithm to higher rates because 

complexity is proportional to 0(log(N)). 

9. Not all uplinks are required to use the protocol, only 
heavily utilized uplinks. 

35 

10/ Congestion and Flow-Control including an onboard 
DAMA controller with the knowledge of the network 
congestion state, enables a flow-control implementa- 
tion. 

11. Flow-Control function minimizes the buffer size 40 
requirements for the onboard pay load by limiting the 
transmission to congested ports. 

12. "Backward" compatible with ground-based distrib- 
uted DAMA design, 

13. Flow-Control enables the implementation of a fully 45 
connectionless protocol transfers (i.e. connections that 
do not go through a call-admission phase). 

14. Onboard controller enables the efficient implementa- 
tion of ATM available bit rate (ABR) service class. 

15. Enables different pricing classes due to different delay 50 
performance guarantee. 

16. Centralized controller is able to optimally reallocate 
MAC channels based on traffic model, interference 
model, coding-rate changes (due to rain) and newly 
available uplink channels. 55 

17. Centralized processing gives robust control of shared- 
community database compared to the distributed algo- 
rithm. 

18. Flexibility — onboard centralized controller process- 60 
ing allows the network to adapt quickly to changing 
congestion states, call-level traffic (new BW available) 
and coding-rate changes (e.g. due to rain or sun). 

19. Single hop delay for non-colliding reservation 
requests — replies. 65 

20. Piggybacking of additional requests into current allo- 
cation reduces contention in the SRC. 



21. Statistical response-time performance controlled by a 
centralized controller by limiting the number of users 
per SRC. 

22. Highly Efficient use of full uplink bandwidth possible 
for set of users with large data transfer needs or high 
bandwidth on demand. 

23. Control messages are not hardwired into the slot or 
frame format (i.e. control messages in ATM payload 
field), therefore bandwidth is not wasted if not used, 

24. Uplink bandwidth resource onboard control results in 
higher revenue generation compared to ground control 
because the time to reallocate unused bandwidth to a 
new transfer is minimized (potentially only one round- 
trip to set up a data transfer, instead of two). 

25. DAMA control and data channels are not customized 
(same as regular channels) 

It should be noted that the aggregate performance of the 
on board centralized DAMA protocol is roughly the same as 
a distributed DAMA Protocol for same pricing and for 
independent and identically distributed homogenous traffic 
(all users behave statistically in the same way, and there's 
only one kind of user), except for an additional processing 
delay for the controller; therefore, new numerical perfor- 
mance examples will not be included here. The proposed 
centralized controller enables different quality-of-service to 
be delivered to non-homogeneous sources. 

The foregoing discussion discloses and describes merely 
exemplary embodiments of the present invention. One 
skilled in the art will readily recognize from such discussion, 
and from the accompanying drawings and claims, that 
various changes, modifications and variations can be made 
therein without departing from the spirit and scope of the 
invention as defined in the following claims. 

What is claimed is: 

1. A demand assigned multiple access system for coordi- 
nating the transmission of data on a processing satellite 
uplink and downlink in a satellite communications network, 
said system comprising: 

a user Earth terminal, said user Earth terminal including 
a media access control layer including a plurality of 
media access control channels for transmitting data on 
the uplink, wherein one of the control channels is a 
contentious shared reservation channel and one of the 
control channels is a non-contentious shared data 
channel, said terminal transmitting a reservation 
request to the satellite on the contentious control chan- 
nel to bid for an available time slot to transmit the data 
on the non -contentious shared data channel; 

at least one cell switch positioned on the satellite and 
receiving the uplink transmissions from the terminal on 
the satellite uplink, said at least one switch identifying 
the reservation request; and 

a DAM A processor positioned on the satellite and receiv- 
ing the reservation request from the cell switch, said 
processor processing the reservation request to deter- 
mine whether to grant, deny or delay the reservation 
request based on predetermined criteria, said processor 
generating a reservation grant message to be transmit- 
ted on the satellite downlink that includes information 
of the time, frequency and duration for transmitting the 
data on the non-contentious shared data channel if the 
request is granted. 

2. The system according to claim 1 wherein the plurality 
of control channels include a network access channel, a 
dedicated channel, a lime dedicated channel, a fair broad- 
band shared data channel, a narrow-band shared data 
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channel, a first -co me first -served shared data channel and a 
shared reservation channel. 

3. The system according to claim 1 further comprising a 
real-time bandwidth estimator module positioned on the 
satellite that determines the available capacity in the satellite 5 
downlink and sends a signal indicative of the available 
capacity to the DAMA processor. 

4. The system according to claim 1 further comprising a 
flow-control module positioned on the satellite that senses 
congestion in a destination port for the data and sends a J0 
signal indicative of the congestion state to the DAMA 
processor. 

5. The system according to claim 4 further comprising a 
call processor module including private network-to-network 
interfacing positioned on the satellite that monitors infor- 
mation flow throughout the network, and provides a signal 15 
to the flow-control module indicative of the information 
flow, said private network-to-network interfacing having 
knowledge of the topology of the network. 

6. The system according to claim 1 further comprising an 
available bit rate processor positioned on the satellite that 20 
identifies the available bit rate in a standard ATM service 
available on satellite uplink and downlink destinations, and 
sends a signal indicative of the available bit rate to the 
DAMA processor. 

7. The system according to claim 1 wherein the DAMA 2 $ 
processor includes a scheduler that determines a highest 
priority wholesaler from a plurality of users using the shared 
data channel by a packet fair queuing algorithm that selects 
the highest priority wholesaler based on a measure of the 
wholesaler's past service, the wholesaler's subscription rate, 3Q 
and the wholesaler's relation to other wholesalers. 

8. The system according to claim 1 wherein the scheduler 
uses the packet fair queuing algorithm to determine a highest 
priority retailer associated with the highest priority whole- 
saler. 

9. A processing system on a satellite for processing a 35 
demand assigned multiple access protocol for transmitting 
data on a satellite uplink and downlink in a satellite com- 
munications network, said system comprising: 

a switch receiving satellite uplink. signals on the satellite 
uplink, said switch identifying reservation requests that 40 
reserve an available time slot on a transmission 
resource on the satellite uplink; and 

a media access controller responsive to the reservation 
requests from the switch, said media access controller 
determining whether to grant, deny or delay the reser- 45 
vation requests based on a plurality of predetermined 
criteria including the available bandwidth capacity in 
the satellite downlink, the number of other users using 
the transmission resource, and data flow congestion in 
the network, said media access controller sending a 5Q 
reservation reply message to the switch and the switch 
sending the reservation reply message on the satellite 
downlink. 

10. The system according to claim 9 wherein the media 
access controller includes a scheduler that identifies the class 

of user from a plurality of users using the transmission 55 
resource. 

11. The system according to claim 10 wherein the sched- 
uler determines a highest priority wholesaler of the plurality 
of users using the transmission resource by a packet fair 
queuing algorithm that selects the highest priority whole- 60 
saler based on a measure of the wholesaler's past service, the 
wholesaler's subscription rate, and the wholesaler's relation 

to other wholesalers. 

12. The system according to claim 11 wherein the sched- 
uler uses the packet fair queuing algorithm to determine a 65 
highest priority retailer associated with the highest priority 
wholesaler. 
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13. The system according to claim 9 further comprising a 
real-time bandwidth estimator module that determines the 
available capacity in the satellite downlink and sends a 
signal indicative of the available capacity to the media 
access controller. 

14. The system according to claim 9 further comprising a 
flow-control module that senses congestion in a destination 
port and sends a signal indicative of the congestion to the 
media access controller. 

15. The system according to claim 9 further comprising a 
call processor module including private network-to-network 
interfacing that monitors information flow throughout the 
network, and provides a signal to the flow-control module 
indicative of the information flow, said private network-to- 
network interfacing having knowledge of the topology of the 
network. 

16. The system according to claim 9 further comprising an 
available bit rate processor that identifies the available bit 
rate in a standard ATM service available on the satellite 
uplink and downlink destinations, and sends a signal indica- 
tive of the available bit rate to the media access controller. 

17. A demand assigned multiple access system for coor- 
dinating the transmission of data from a processing satellite 
uplink and downlink in a satellite communications network, 
said system comprising: 

a user Earth terminal, said user Earth terminal including 
a media access control layer including a plurality of 
media access control channels for transmitting data on 
the uplink, wherein one of the control channels is a 
contentious shared reservation channel and one of the 
control channels is a non-contentious shared data 
channel, said terminal transmitting a reservation 
request to the satellite on the contentious control chan- 
nel to bid for an available time slot to transmit the data 
on the non -contentious shared data channel; 

at least one switch positioned receiving the uplink trans- 
missions form the terminal on the satellite uplink, said 
switch identifying the reservation request and routing 
the request in the satellite; 

a media access controller responsive to the reservation 
request from the switch, said media access controller 
determining whether to grant, deny or delay the reser- 
vation request based on a plurality of predetermined 
criteria, said media access controller generating a res- 
ervation reply message to be sent on the satellite 
downlink; 

a real-time bandwidth estimator module that determines 
the available capacity in the satellite downlink and 
sends a signal indicative of the available capacity to the 
media access controller; 

a flow-control module on the satellite that senses conges- 
tion in a destination port and sends a signal indicative 
of the congestion to the media access controller; and 

an available bit rate processor that identifies the available 
bit rate in a standard ATM service available on the 
satellite uplink and downlink destinations, and sends a 
signal indicative of available bit rate to the media 
access controller. 

18. The system according to claim 17 further comprising 
a call processor module including private network-to- 
network interfacing that monitors information flow through- 
out the network, and provides a signal to the flow-control 
module indicative of the information flow, said private 
network-to-network interfacing having knowledge of the 
topology of the network. 

19. The system according to claim 17 wherein the media 
access controller includes a scheduler that determines a 
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highest priority wholesaler from a plurality of users using transmitting the data on the main flow channel when the 

the shared data channel by a packet fair queuing algorithm time for transmitting the data arrives, 

that selects the highest priority wholesaler based on a 22. The method according the claim 21 further comprising 

measure of the wholesaler's past service, the wholesaler's the step of determining that the reservation request collided 

subscription rate, and the wholesaler's relation to other 5 al me satellite with a reservation request from another user 

wholesalers. $ tne reservation grant message is not received within a 

20. The system according to claim 17 wherein the sched- predetermined time period. 

uler uses the packet fair queuing , algorit hm to determine a 23. The method according to claim 21 further comprising 

highest priority retailer associated with the highest priority ^ of randomizi del ^ ^ resendi the reser ! 

wholesaler. 10 t . . r . , . , , . °. 

~* * lLJ f. vation request after the timed period has expired. 

21. A method for transmitting data on a processing ~ A ™_ tI _ , ,. r . . , . 

, U t i i- * if* • *■ . i 24. I ne method according to claim 21 wherein processing 

satellite uplink in a satellite communications network, com- , . . f , ,. . 6 

prising the steps of- reservation request includes the step of using a hierar- 
chical uplink fair scheduling technique to prioritize users of 

sending a reservation request by a requesting user on a ,u it „ n( . m -,.' . u^™^ ~ • ♦ • . . ■ <■ 

& .„ , ..ii. -.c the transmission resource based on instantaneous state lnfor- 

control flow channel of the satellite uplink to bid for an 35 „ ^* 

miii • . ■ r, . ^ mation. 

available slot to transmit data on a main flow channel; . 25 ^ melhod according l0 claim 24 wherein proceS si n g 

processing the reservation request m the satellite to deter- trje reservation request includes the step of determining a 

mine whether to grant, deny or delay the reservation highest priority wholesaler in a first stage and determining a 

request based on the service and price class of the highest priority retailer associated with the highest priority 

requesting user, the amount of data already transmitted lu wholesaler in the second stage. 

by the requesting user, the number of other users using 26. The method according to claim 21 wherein processing 

the main flow channel, the congestion state of a desti- trje reservation request includes the steps of determining the 

nation downlink port for the data, the available band- highest priority wholesaler in the first stage and the highest 

width capacity of the satellite downlink, and the flow priority retailer in the second stage using a packet fair 

rate of data through the satellite network; queuing algorithm to select the wholesaler based on a 

transmitting a reservation message on a satellite downlink measure of the wholesaler's past service, the wholesaler's 

to the requesting user of the satellite's decision to grant, subscription rate, and the wholesaler's relation to the other 

deny or delay the reservation request, wherein if the wholesalers and to select the retailer by its subscription rate, 

reservation message is a reservation grant message, the 3Q past service received and relation to a cost metric of the 

reservation grant message includes information of the packet fair queuing algorithm, 
time, frequency and duration for transmitting the data 

on the main flow channel; and ***** 
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